Patients 'l£'ere studied to quantitate methods lfsed to prevent heat loss during 'L'asclilar surgery. A combination of techniques limiting heat loss 'l£'crc shown to prevent hypothermia. In addition it was shown that heat balance in patients undergoing 'vascular surgery did not differ from that in patients undergoing other forms of surgery.
Patients 'l£'ere studied to quantitate methods lfsed to prevent heat loss during 'L'asclilar surgery. A combination of techniques limiting heat loss 'l£'crc shown to prevent hypothermia. In addition it was shown that heat balance in patients undergoing 'vascular surgery did not differ from that in patients undergoing other forms of surgery.
A marked heat deficit can develop in the course of a long anaesthetic, particularly when the surroundings in the operating theatre are cold (Searles and Lenahan J 952, Morris Hl/l). The lowest ambient temperature at which man stays in thermal equilibrium without alteration of his " resting" metabolic rate is termed the critical temperature.
In reviewing the physiology literature, \Vilkerson, l\.aven and Horvath (1972) concluded that the critical temperature for a lightly clad man was between 22° C and 27° C. l\Iorris (1971) studied lightly anaesthetized, paralyzed adults and suggested that their critical temperature was 21' C, as their oesophageal temperatures did nut fall after the first hour of anaesthesia in warmer rooms. However, other factors in the heat balance equation might reset the critical temperature for the individual or the group.
It has heen suggested" that the falls in botl! central and peripheral temperatures observed in patients undergoing major vascular surgery were greater than those seen in patients suhmitted to other forms of surgerv" (Lewis and Mackenzie 1!l72), for the combination of prolonged anaesthesia, age, and arterial clamping could be associated with increased intraoperative heat losses. V/hen heat losses were not prevented during vascular surgery Brown (1!l70) and Newman (1!)71) reported temperature falls exceeding 4 0 C. This paper examines some aspects of heat balance during \'ascular surgery, and quantitates the effects of methods wllich prevent heat loss, Techniques which provide excess heat extrinsically were neglected as the attempts to make up lost heat carries the risk of tissue damage, particularly where perfusion is poor (Scott 19G7, Crino and N agel 1968, Goldhlat and l\Iiller J (73) . Techniques used prophylactic ally against inadvertent hypothermia include bloodwarming (Boyan and Howland J9(jJ) , heated humidification (Rashad and Benson 1 !)()7) and surface insulation (Farman 1961) .
METHODS
Deep body and skin temperatures were measured during anaesthesia in 45 patients. Thermocouples (Ellab, Elektrolaboratoriet, Copenhagen) were placed in the lower oesophagus and auditory canal, \vith confirmatory observations being made in the nasopharynx. Temperatures were measured in the endotracheal tuhe adapter and in room air. Further thermocouples measured skin temperatures on the chest wall antcriorly, the upper arm laterally, the thigh anteriorly and the calf laterally, with preference given to the side least affected by anaesthetic and surgical techniques. Calibrations were made against a standard lahoratory thermometer graduated in divisions of 0·1 degree Celsius.
The mean skin temperature was calculated from observations made at these four sites, by the method of Ramanathan (19ti4), The mean body temperature was derived from the sum of the deep body temperature (with a loading factor of o· (W) and the mean skin temperature (loading factor of 0 ,34), (Burton 1935, Colin et al. ] gUn). The stored body heat (Burton Hl.'3.'l) was taken as the product of the mean body temperature, the preoperative body weight in Kg, and the specific heat of the body (0 ·83).
Anaesthesia and Intensive Care, Vol. TII, },io. 2, ,> [ay, 197,5 Observations were made prior to induction of anaesthesia, and at ten minute intervals until surgery was completed. The changes in stored body heat were calculated for the average hourly change for the whole anaesthetic, using the value obtained at induction and the last intraoperative figure. \Vhen the means and standard deviations were calculated, the difference between the means was examined by an unpaired Student's t test.
The 45 patients were all premedicated with a narcotic and antisialogogue given intramuscularly.
Induction of anaesthesia was accomplished with thiopentone, and muscle relaxation obtained with pancuronium or tubocurarine. After endotracheal intubation, they were ventilated with a mixture of nitrous oxide, oxygen and halothane. Fluids administered intravenously were warmed by means of an extension coil immersed in a waterbath kept at 38° C. All patients were anaesthetized in one suite of four operating theatres.
The patients were divided into three groups of 15, matched as evenly as possible for age, weight and operation. Nearly all were male.
The groups were formed by the techniques utilized to limit heat loss. Group I were ventilated at a minute volume of 10 to 11 litres, using dry gases from a non-rebreathing system. Groups Il and III were ventilated from a circle system which incorporated a heated humidifier, and saturated gases were delivered at body temperature. Groups I and Il were prepared and draped according to the normal routine. In Group Ill, just prior to skin preparation, all skin areas away from the operative field were covered with multiple layers of unheated towelling.
Each of the 45 patients in this study was paired with another patient undergoing elective surgery which was not arterial. These second three groups of 15 patients were matched as evenly as possible with the vascular patients for age, weight and operation site. Surgery involving the abdominal aorta was matched with intra-abdominal operations on the biliary system and/or gastrointestinal tract, and arterial work on the lower limb was paired with surgery not involving body cavities, e.g. total hip replacement.
RESULTS
The operating theatres had air temperatures in the range 20·2 to 23· 9° C, with relative humidities which were above 59 per cent.
The three groups of patients were comparable for age, weight and duration of anaesthesia (Table 1) . The average values for deep body and mean skin temperatures are shown in Table  2 . Those observed at induction are in surprisingly good agreement. In Group I the final values are lower than the initial ones, with a fall in the average deep body temperature in excess of 1°C. The largest fall occurred during the first hour of anaesthesia. In Group Il the deep body temperatures tended to rise subsequent to this first hour, halving the hourly rate of fall. For both groups, the mean skin temperature rose wi:h induction of anaesthesia, to fall quickly with the surgical preparations. It rose again after draping, but this was not maintained in Group 1. Group III showed a similar pattern at induction, but after the towelling was in place, the skin temperatures rose steadily, to be parallelled by the deep body temperatures. The difference between the means of all final temperatures was examined, and the t test was always significant at the 2 per cent level or less.
The hourly changes in stored body heat are shown in Table 3 . In Group I all patients lost heat, at an average rate of 11 Kcals per hour. For Group II the effect of the fall in core temperature was counteracted by the rise in mean skin, and the net effect was close to zero. With Group III all patients gained heat, principally due to a rise in the temperature of the peripheral tissues.
On occasions the associated rise in "core" tissues resulted in deep temperatures reaching 38° C toward the end of the operation. The differences between the hourly means shown in Table 3 · .
· . · . · .
· .
that the vascular surgical groups did not appear to react differently from another series of patients undergoing other forms of elective surgery. 
All these mean values had standard deviations which lay between 7·4 and 8·8.
DISCUSSION
Severe hypothermia can result from the rapid intravenous administration of bank blood, although blood warming equipment can prevent this (Boyan and Howland 1961) . During vascular surgery, infusion of cold fluids 'was frequently associated with oesophageal temperatures below 32° C (Newman 19/1). Blood warming and use of an electric blanket reduced temperature falls to 0.5 0 C or less. However, Searle (197J) reported a vascular case who became hypothermic to 32° C despite both blood warming and a heated water mattress. Lewis and }lal~kenzie (1972) examined cooling during major vascular surgery, and found that both central and peripheral temperatures fell despite fluid warming and that this was unaffected by the use of a pre-heated colloid mattress. Vale (1972) defended the heat-retaining mattress, and reported that nine patients undergoing abdominal aortic surgery had shown an average core temperature fall of 0.7 0 C. This was associated with an average rise of mean skin temperature of 0.4 0 C, representing a total average hourly heat loss of 6·6 Kcals. It seems possible that heated humidification might have prevented even this loss, the difference between Groups I and II averages being in excess of 10 Kcals per hour (Table 3) . 77 (1, 18) 33 . 89 (1, 1O) 34·87 ('81)
The effects of respiratory heat exchange can be quantified, and its correlation with changes in body heat have been observed in the dog (Shanks ] 974).
The 16 Kcal difference between Groups II and III is comparable with the effects of insulation using a " space blanket " (Vale and Lunn 1972) .
Patients become colder when unheated fluids are given intravenously (Searles and Lenaban 1952, Newman 1971) by some 16 Kcals for each litre (l\Iorris and Wilkey 1970). The impulse was suppressed, but the protocol could have been rewritten with a fourth group preceding Group I receiving a litre of unheated fluids hourly. Given an increase in respiratory minute volume, all the differences between the means of adjacent Groups for changes in stored body heat might have been about 16 Kcals per hour. The differences between the means did not appear to be affected by the fact that the surgery was arterial. Table 3 would indicate that patients of similar age and weight were not dissimilar in their heat balance even when the arteries were not clamped. The usual gain in deep body temperature by Group III patients (Table 2) is almost identical to that reported by ]oseph and Bookallil (1973) , who found an average rise of 0.3° C when these methods were used to conserve heat during aortic aneurysmectomy.
These are conservative methods, aimed at limitation of heat loss. Fluids infused through a blood-warmer set at 39° C reached the patients at a mean of 33° C (: Morris and Trachtenberg 1968) . Saturated gases delivered at body temperature made an isothermal pattern in the airway (Shanks 1973) . Tissues beneath insulation cooled when their circulation was impaired (Figure 1 ). The gas, fluid or covering seldom has a temperature in excess of the body tissues with which it comes into contact. Given that malfunction or misuse do not occur, these techniques should remove the risk of thermal damage. _ . _" . . . . . . . . . . . . . . . . / . .   -" ................ . . . .   I r,.,"..... . ,," FIGURE 1 shows the temperature changes which were found in a 64 year old patient undergoing operation for an aortobifemoral graft. She demonstrates the fall in temperatures associated with the preparations for surgery. This interrupts the rise in peripheral temperatures which followed the onset of anaesthesia. When the aortic clamp was applied for the first time, the temperature fell dramatically, and this was found subsequently to have been dne to a shower of microemboli into both feet. Release of the aortic clamp was followed by a slight fall in oesophageal temperature, and the usual rise in the temperature of the calf skin. She showed one of the lowest heat gains in Group IH, with an average increase of 7· 9 Kcals per hour. Postoperatively, her dorsalis pedis and posterior tibial arteries could be palpated without difficulty.
Yet their combination was able to limit the loss of heat during vascular surgery, and metabolically produced heat was able to make temperatures rise in all patients in Group Ill.
The warm vasodilated skin simplified late operative and early post-operative care of these patients and pulses in the major vessels could be assessed with relative ease.
